A double-blind study consisting of 339 randomly selected children investigated the effects of several premedicants on the preoperative and postoperative behaviour of children who underwent day-stay surgery. Patients were allocated into two groups. Group 1 consisted of 165 children aged between 6 and 47 months. Group 2 consisted of 174 children aged four years and older to a body weight of 50 kg. Each child received one premedicant. Both groups included alprazolam 0.005 mglkg, midazolam 0.3 mglkg and placebo. In addition Group 1 included chloral hydrate 40 mglkg and Group 2 diazepam 0.25 mglkg. Chloral hydrate produced superior conditions (more patients calm or asleep) at induction of anaesthesia. Postoperative behaviour and incidence of vomiting were similar for all drugs. No premedicant reduced anxiety in the older group. The time to awaken postoperatively with diazepam was longer than with placebo. Alprazolam and midazolam were unpalatable for children over four years and conferred no advantage over placebo.
use of shorter-acting benzodiazepines has been studied in adults and more recently in children. [1] [2] [3] Satisfactory preoperative conditions have been described with either no premedication in children or discussion during a preoperative visit in adults. 4 ,5 The present study was designed to compare the benefits of using chloral hydrate or diazepam with shorter-acting benzodiazepines (alprazolam, midazolam) and placebo.
METHOD Approval for the study was granted by the Hospital Ethics Committee. All children presenting for day-stay surgery were considered eligible for entry into the trial. Excluded were those where parental permission was denied, or where anaesthetic considerations, e.g. analgesia or control of secretions, gave preference to intramuscular premedication. In this double-blind study only the pharmacist (Helen Exarchos) was aware of the identity of the drugs.
Patients were allocated into two groups. Group 1 consisted of children aged between 6 and 47 months. These children were given either chloral hydrate 40 mg/kg, alprazolam 0.005 mg/kg, midazolam 0.3 mg/kg or placebo. Group 2 consisted of children aged four years and older to a body weight of 50 kg. These children were given either diazepam 0.25 mg/kg, alprazolam 0.005 mg/kg, midazolam 0.3 mg/kg or placebo. All children were given paracetamol 10 mg/kg with the premedicant, approximately eighty minutes before surgery.
The premedicant mixtures were prepared in the pharmacy each week and raspberry syrup was used as a base to disguise the bitter taste of the benzodiazepines. The syrup also gave all mixtures an appearance similar to the chloral hydrate mixture. They were made so that the per kilogram dose was contained in 0.4 ml.
The preparations were: (a) chloral hydrate (Noctect® mixture Squibb) 100 mg/ml; (b) diazepam (Antenex® tablets 5 mg Alphapharm) 0.625 mg/ml; (c) alprazolam (Xanax® tablets mg Upjohn) 0.0125 mg/ml; (d) midazolam (Hypnovel® ampoules 15 mg/3 ml -Roche) 0.75 mg/ml. The chloral hydrate mixture and placebo (Raspberry Syrup RCH) are known to have shelf-lives of several years. The diazepam, alprazolam and midazolam mixtures compounded for this study were analysed for stability at the end of weeks 1, 2, 6 and 10. Three analyses were taken for each mixture at each of the time periods. The concentration of the three drugs was measured by gas chromatography using a Varian 3700 gas chromatograph fitted with a Ni63 electron capture detector, a 1.5 m X 2.0 mm (ID) glass column packed with 2% SP251 O-DA on 100-120 mesh Supelcoport.
Ward nursing staff noted the child's response to premedicant administration and asked his/her opinion on palatability. When the child was unable to verbalise an opinion, nursing staff administering the premedicant made an assessment based on the response (grimacing or spitting out). In the anaesthetic room the anaesthetist assessed the attitude and behaviour of children at induction. Attitude was assessed as either 'asleep', 'drowsy', 'awake and calm', or 'crying and/or struggling'. The child's behaviour at induction was assessed by reaction to either insertion of a 25 SWG butterfly or gaseous induction with halothane. Reactions were either 'continued to sleep or doze with no reaction', 'co-operative', 'anxious but reassurable', or 'crying and/or struggling'. Postoperatively, nursing staff noted the 'time to awaken'. This was the time taken for the child to respond to a verbal command after arrival in the recovery room. Postoperative sedation (asleep, drowsy, awake and calm, restless and agitated) was recorded every thirty minutes. If the patient showed signs of pain or complained of pain, paracetamol 15-20 mg/kg was given. The presence or absence of restlessness was noted postoperatively in the recovery room and ward.
A general anaesthetic was administered to each patient. Induction in the majority was with intravenous thiopentone through a 25 SWG butterfly. Parents were not present at induction. Maintenance was by a relaxant technique with intermittent positive pressure ventilation, or spontaneous respiration using halothane for shorter cases. Whenever appropriate local anaesthesia was used to decrease anaesthetic maintenance requirements and to provide postoperative analgesia. Opioids were not used.
Preoperatively all children received paracetamol 10 mg/kg. This is a low dose if used for analgesia. It is a dose used in the medical wards as an antipyretic and is familiar to nursing staff. We were reluctant to use larger doses which would increase gastric volumes. The duration of day surgery is short. Additional postoperative paracetamol is often given 2.5 hours after premedication if pain is suffered during recovery.
A one-way analysis of variance was used to determine significance within groups for parametric data. The chi-square test for k independent samples was used for nonparametric data. Individual premedicants within Group 1 or 2 were compared only when analysis for differences within the group as a whole achieved a P value < 0.05. 
RESULTS
In both Groups 1 and 2, children were evenly matched for weight, sex, time from premedication to induction of anaesthesia and anaesthetic duration ( Table 1) , Surgery included any procedure which qualified for day-stay admission, The majority of procedures in Group 1 were orchidopexies, hernia repairs, circumcisions, myringotomies, and minor plastic surgical cases. There was an even distribution among subgroups. Surgery in Group 2 was more diverse. Additional procedures included orthopaedic, dental, ophthamic and endoscopic surgery. These were distributed evenly within Group 2. The response to administration of drugs is shown in Table 2 . It was more difficult to administer premedicants to children under the age of four years than to children over four years. Children found chloral hydrate less palatable but this result was not statistically significant. Alprazolam and midazolam were considered unpalatable by the older group (P < 0.05). The ease of administration of all drugs was similar for both age groups.
The anxiolytic effects (attitude and behaviour)6 of premedicants in the anaesthetic room is shown in Figure 1 . In children under four years chloral hydrate resulted in more children being asleep (P < 0.05) and fewer crying or struggling at induction of anaesthesia. The incidence of crying and struggling in those children who received chloral hydrate was 13% and in the placebo group 45%. Anxiolysis with alprazolam and midazolam was not significantly different from placebo. Children over four years of age did not benefit from premedicant administration. Most were awake and calm on presentation for anaesthesia. The incidence of crying or struggling at induction was only 15%; this was not improved with premedication. There was no significant difference between premedicants for these older children.
Induction technique varied according to the individual anaesthetist's preference. Twentyfive per cent of children from Group 1 had inhalational inductions compared with 5% from Group 2. We were not able to correlate preoperative attitude with type of induction. Some anaesthetists believed intravenous access to be paramount, while others considered an inhalational induction to be of (Table 3) were not significantly different within this group. Figure 2 shows the degree of sedation for the first two postoperative hours. The percentage of children sleeping at 30 minutes dropped from 20% to 10% at 2 hours while those who were awake and calm steadily rose from 30% to 80%. There was no difference between drugs. The children premedicated with diazepam took longer to awaken (P < 0.05) than those with placebo ( Figure 3 ). At 30 minutes 58% were asleep (24% with placebo) but at 60 minutes no difference between drugs was evident. Discharge times from the day ward were similar for all drugs (Table 3) .
Restlessness (Table 4) was not significantly different within groups. The incidence was higher in younger children (P < 0.01). There was a trend toward increased vomiting in older children: the incidence in both groups local anaesthetic supplementation and there was an even distribution within groups. Data for stability of mixtures are presented in Figure 4 . All mixtures were stable for at least two weeks. However, in the alprazolam mixture only 60% of active substance could be detected at any time. Analytical problems were encountered with this assay and further refinement of the analytical method is needed.
An assessment of cost of drugs used in this study was made, using the wholesale price of drugs bought by the Royal Children's Hospital Pharmacy. The costs for a 10 kg child receiving the drug dosages of this study are presented in Table 5 . DISCUSSION Oral premedication has been favoured in this unit for the past eight years. Intramuscular premedication with papaveretum and hyoscine produces consistently tranquil patients but the incidence of postoperative vomiting (54%) is unacceptable for day-stay patients. 7 This survey was undertaken in response to nursing staff comments about (a) the where they are able to watch videos, have stories told andlor be cuddled prior to induction. Parents remain in the ward. Beeby et al. found unsedated children, aged seven years and over, to be calm on arrival at the anaesthetic room. 4 Our results confirm this trend in children over four years of age. All children were seen on a preoperative visit by the anaesthetist responsible for their management. The children's parents were included in preoperative discussions and this resulted in a reduction in parental anxiety and consequently less anxiety was transferred to the children. The effect of preoperative visits on anxiety in adult patients is well established. 5 Under the age of four years this preoperative preparation had little effect on relieving anxiety. Of the younger children who received placebo, 45% were crying at induction compared with 15% in the older group. Fears in the younger age group are of separation from home and family and of strangers, while the older child is more concerned with the surgical procedure and its possible mutilating effects. Explanations to the younger children are difficult and often have little effect. Chloral hydrate was found to be the best premedicant in this age group, while alprazolam and midazolam had minimal effect. These results are similar to the results of other studies in this field. Lindgren et al. found triclofos 70 mg/kg superior to diazepam 0.25 mg/kg or flunitrazepam 0.02 mg/kg in children under five years. 8 Goulding et al., in 1957 , remarked on an increase in turbulent and disturbed behaviour in children under six years receiving methylpentynol, butobarbitone and chlorpromazine when compared with children older than six years in whom premedication was almost unnecessary. 9 Alprazolam is a relatively new benzodiazepine used in children with anxiety disorders. 10 There is no report of its use in children as a premedicant. Consideration was given to studying the short-acting benzodiazepines, temazepam and triazolam. However, a mixture of temazepam could not be made from the product available in Australia and triazolam is not licensed for paediatric use. For this reason alprazolam is being used, with varying dose schedules, by some anaesthetists in Victoria. The dose used in this trial is comparable to an adult dose calculated on a weight basis. Alprazolam has an elimination half-life of twelve to fifteen hours and peak plasma concentrations are reached 1.75 hours after oral administration. The potencies of the hydroxymetabolites of this premedicant are too low to have a pharmacological effect. I I Alprazolam in the dosage used in this study conferred no advantage over placebo in either age group, and even at peak plasma concentrations, no alteration of behaviour was noted when compared with placebo.
Diazepam
Midazolam is reported as being superior to temazepam and diazepam for adult day stay surgical patients. 2 ,1 The elimination half-life of midazolam is short (2.5 hours). Unlike diazepam, the active metabolites of midazolam are rapidly cleared and do not prolong the action of the parent drug. 12 , 13 Saarnivaara et al. recommended a dose of oral midazolam 0.4-0.6 mg/kg in children, the drug being mixed with fruit juice. 3 Midazolam undergoes extensive first pass hepatic extraction and there is only 30% bioavailability after oral administration. Reves et al. recommended a dosage of 10-15 mg for adults. 14 The dosage of 0.3 mg/kg was chosen for this study to avoid prolonged postoperative sedation in ambulatory patients. A ten-year-old would receive 10 mg. Saarnivaara did not document midazolam doses less than 0.4 mg/kg. His study noted no dose-response relationship for anxiolysis with 0.4-0.6 mg/kg. We found midazolam (0.3 mg/kg) had no advantage over placebo in either age group. The older children found the drug unpalatable and even the raspberry syrup was unable to disguise the bitter taste. The younger children accepted midazolam better than chloral hydrate, but the incidence of crying and struggling at induction (35%) was unacceptable. The higher cost of midazolam was a further disadvantage.
The incidence of postoperative vomiting was low. This trend was similar to that found in an earlier study by Rowley and Brown. 7 Children under four years of age had a lower incidence of postoperative vomiting than those older than four years. The findings in this study are lower than those of Rowley and Brown and probably reflect a decreased severity of surgical insult in day-stay patients. However, in their study, vomiting was monitored over eighteen hours with most occurring two to six hours postoperatively whereas in this study vomiting was monitored over three hours. The incidence of vomiting recorded may have been higher if the period of observation had been longer. Restlessness was higher in the younger patients but children receiving chloral hydrate were no more restless than those receiving placebo.
It is important to review clinical practices constantly. The use of chloral hydrate (compared with alprazolam and midazolam) as a premedicant for day-stay surgery children under four years of age was confirmed to be a worthwhile measure. However, the use of diazepam, alprazolam or midazolam as premedicants in children over four years of age was found to be unwarranted.
